Introduction
The Fraser River Basin in the southeastern part of Grand County, Colorado, encompasses about 287 square miles ( fig. 1 ). The Fraser River originates at the Continental Divide in the Arapaho National Forest, flows about 29 miles in a northerly direction through the towns of Winter Park, Fraser, Tabernash, and Granby, and joins the Colorado River 2 miles downstream from Granby. A more detailed discussion of the characteristics of the Fraser River Basin is found in Apodaca and Bails (1999) . The population of Grand County increased more than 56 percent between 1990 and 2000 (2000 census population of 12,442) and increased more than 300 percent since 1970 (U.S. Census Bureau, 2001 ). These population statistics do not include the thousands of people that visit the Fraser River Basin each year to enjoy the many year-round recreational activities and place demands on the water resources of the basin. The Fraser River upstream from the town of Tabernash is currently the recipient of wastewater discharges from three wastewater-treatment plants that serve the Winter Park ski area, the town of Winter Park, and the town of Fraser ( fig. 1 ). Local water managers are concerned about the effects of population growth on streamwater quality. To address this need, the U.S. Geological Survey, in cooperation with the Grand County Commissioners and the East Grand County Water Quality Board, conducted a study of streamwater quality in the Fraser River Basin.
Basin Characteristics
The land-surface elevation of the Fraser River Basin ranges from about 12,500 feet at Berthoud Pass to about 7,860 feet at the mouth of the Fraser River. The major tributaries to the Fraser River are Vasquez, St. Louis, Crooked, Ranch, Strawberry, and Tenmile Creeks. In the upper reaches of the Fraser River, three hydrologic modifications divert water from St. Louis Creek, Vasquez Creek, and the main stem of the Fraser River to the Moffat Water Tunnel system. According to the Colorado Water Quality Control Division (1989) , these diversions have the potential to reduce streamflow substantially and compound water-quality problems in the Fraser River Basin.
Climatic data for Fraser from 1989 through the end of 2000 indicate that the average monthly maximum and minimum temperatures are 75.7 degrees Fahrenheit in July and -3.9 degrees Fahrenheit in December. Average annual precipitation for Fraser is 19.2 inches, which includes an average annual snowfall of 154 inches. At Berthoud Pass, the headwaters of the Fraser River, the average annual precipitation from 1950 through 1985 is 37.5 inches, which includes an average annual snowfall of 391 inches (Western Regional Climate Center, 2001) . 
Streamwater Quality at Selected Sites in the Fraser

Purpose and Scope
This report presents an overview of the general streamwater quality at 13 sites in the Fraser River Basin during water years 1991-2000, and focuses primarily on chloride, nutrient, pH, dissolved oxygen, and fecal coliform bacteria data (a water year is defined as the 12-month period from October 1 through September 30 of the named year). Data from these sites were compared to Colorado's current State stream-segment water-quality standards (hereinafter referred to as "State standards") for the Fraser River established by the Colorado Water Quality Control Commission (2001) . Under these guidelines, the Fraser River and its tributaries are under the designations of the Upper Colorado River segments 9 and 10. The data were compared spatially in downstream order and assessed for trends at selected sites that had at least 5 years of monthly data.
Data Collection and Analysis
Water-quality data were collected between October 1, 1990, and September 30, 2000, at 13 stream sites ( fig. 1 , tables 1, 2, and 3). These sites include six sites on the main stem of the Fraser River, four sites on Crooked and Pole Creeks, and three sites on Ranch and Hurd Creeks. Three sites have data spanning the entire period of record while the other sites have partial records (table 1). All data for this report were collected and analyzed by the U.S. Geological Survey using methods described in Fishman (1993) and Fishman and Friedman (1989) . Water-quality samples were collected using the equal-width increment (EWI) method and processed using steps outlined in the U.S. Geological Survey National Field Manual (U.S. Geological Survey, 1999). Water samples were analyzed for dissolved chloride, dissolved or total ammonia, dissolved or total nitrite plus nitrate, dissolved and total phosphorus, dissolved orthophosphorus, and fecal coliform bacteria. Properties measured at the time of sample collection include water temperature, pH, specific conductance, and dissolved oxygen. The dissolved phase of water-quality constituents was obtained by filtering sampled water through a 0.45-µm (micrometer) filter; total concentrations are from unfiltered samples. Nutrient samples (ammonia, nitrite plus nitrate, phosphorus, and orthophosphorus) collected in the Fraser River Basin from October 1991 through September 2000 were analyzed for either total or dissolved concentrations. In general, most samples collected before calendar year 1992 were analyzed for total nutrients. From water year 1993 through 2000, water-quality samples were analyzed for dissolved nutrients. Total and dissolved concentrations only were determined for phosphorus from samples collected for the same sampling event. At sites where total and dissolved nutrient samples were collected over time, the data were aggregated for statistical analysis using the methods outlined in Mueller and others (1995) . Unless otherwise specified, concentrations in this report represent aggregated concentrations.
Streamwater-Quality Results
Stream Standards
Specific properties and constituents compared to applicable State standards include pH, dissolved oxygen, fecal coliform bacteria, un-ionized ammonia, nitrite plus nitrate, and chloride. A summary of water-quality data for selected constituents is in tables 2 and 3. Analysis of the data for this report indicates that water quality in the Fraser River Basin is generally very good and compares favorably to State standards.
In general, pH measurements from the study sites were within the State standard range of 6.5-9. At site 4, the pH measurements were greater than the maximum State standard for less than 10 percent (29) of the total number (307) of measurements taken. Compliance with State standards, however, is determined by comparing the 15th and 85th percentiles of the representative water-quality data with the associated water-quality standard. For site 4, the 15th and 85th percentile values for pH were equal to 7.6 and 8.8, respectively, which is within the range of 6.5-9. Dissolved-oxygen concentrations for all sites and samples exceeded the State standard for the Fraser River Basin set at a minimum of 6.0 mg/L (milligrams per liter). This is an indication that there were no detrimental processes taking place in the streamwater that would consume oxygen beyond a threshold that would make the water toxic to many aquatic species. Fecal coliform bacteria samples were collected at 9 of the 13 study sites. The State standard for fecal coliform in the Fraser River Basin is 200 cols/100 mL (colonies per 100 milliliters), with compliance defined as when the geometric mean of all representative water samples at a site does not exceed the standard. The geometric mean for all nine sites ranged from 1.6 to 10.5 cols/100 mL. A few samples exceeded the State standard at sites 7, 8, and 9 during the summer. The larger concentrations may be attributed to reduced streamflows and increased recreational use, or the presence of livestock near the headwaters of these tributaries, or both.
Un-ionized ammonia (NH 3 ) concentrations were calculated from ammonium (NH 4 + ) concentrations for all sites where dissolved ammonia, temperature, and pH data were collected. The percentage of ammonium ion concentration that is in the un-ionized form is a function of the pH and water temperature at the time of sample collection. Because the un-ionized form of ammonia is the most toxic to aquatic life, it is the one on which stream standards are based. The chronic State standard for un-ionized ammonia for the Fraser River Basin is set at 0.2 mg/L. The acute State standard for un-ionized ammonia is defined as a table value standard (TVS) (Colorado Water Quality Control Commission, 2001 ) and is a function of the pH and temperature of the water. The acute TVS concentration for un-ionized ammonia was calculated for each sample and compared to the calculated un-ionized ammonia concentration. Un-ionized ammonia concentrations in all streamwater samples did not exceed the calculated acute TVS or chronic standard.
State standards for nitrite plus nitrate (as nitrogen) and chloride in the Fraser River Basin are 10 mg/L and 250 mg/L, respectively, and concentrations did not exceed the standards at any site. The maximum concentration for nitrite plus nitrate for all samples was 0.88 mg/L at site 4. The maximum concentration of chloride for all samples was 75 mg/L at site 1. The highest concentrations for chloride were at site 1 for samples collected during the early spring. The high concentrations at site 1 may result from spring runoff flushing salts from the accumulated road gravel/salt applications on Berthoud Pass during the winter.
National or local standards for total phosphorus or orthophosphorus concentrations in streamwater have not been established, although the U.S. Environmental Protection Agency (USEPA) has set a recommended maximum concentration of 0.1 mg/L of total phosphorus for flowing water that does not directly discharge into a lake or reservoir (U.S. Environmental Protection Agency, 1986). Total phosphorus concentrations exceeded the guideline at three sites (sites 5, 10, and 12) during the period of record for this study in one or two samples per site. At site 4, 58 percent (18 of 31 samples) of the samples collected exceeded the guideline. These large concentrations primarily happened during February through March, before spring runoff.
Currently (2002), the USEPA is revising its guidelines on nutrient concentrations in streams and rivers to focus on more regionally dependent recommendations for the prevention of eutrophication, or the excessive growth of aquatic plants.
Spatial Distribution of Selected Water-Quality Constituents, Water Year 2000
To spatially represent the condition of the streamwater quality in the Fraser River Basin, rankings of median concentrations for the nutrient constituents (ammonia, nitrite plus nitrate, dissolved phosphorus, orthophosphorus, and total phosphorus) and chloride were plotted in map form ( fig. 2) . The median concentrations at each site were compared to the 25th, 50th, and 75th percentiles of all data collected during the study in order to assess the spatial variance for each constituent.
Nutrient concentrations in the Fraser River increased downstream as water flowed through the towns of Winter Park and Fraser. The most likely sources of these nutrients are the three wastewater-treatment plants that discharge effluent into the Fraser River. Some dilution and possible uptake by biological processes of nitrite plus nitrate and dilution of total phosphorus occurred downstream from the mouths of Ranch and Crooked Creeks where nutrient concentrations were lower than the Fraser River. At the most downstream site near Granby (site 6), concentrations of nitrite plus nitrate and total phosphorus were large, indicating that nutrient input exceeded the physical, chemical, and biological processes that tend to decrease nutrient concentrations and may be influenced by the agricultural land use that is prevalent in the lower part of the basin.
Chloride concentrations were highest in the upper reaches of the Fraser River and tended to decrease downstream. Tributaries to the Fraser River had the lowest chloride concentrations and contributed to the dilution of chloride as water traveled downstream. A likely source for the chloride in the upper reaches of the Fraser River is road salts applied with gravel for traffic safety.
In addition to concentrations, chemical loading also was evaluated for selected water-quality constituents. Although concentration data are useful for comparison to water-quality standards, loading data indicate the mass of a chemical transported past a site. Loading information is necessary for the State Total Maximum Daily Load (TMDL) process and can be useful in understanding chemical deposition in downstream surface-water storage features. Loads only were calculated at sites 1 through 5 on the main stem of the Fraser River. Many possible irrigation diversions exist between sites 5 and 6 and could give rise to erroneous loading values. Values for constituent loading were calculated by multiplying the instantaneous chemical concentration by the instantaneous discharge. Loading values then were multiplied by a conversion factor to yield values in tons per day. Median instantaneous loads were calculated for samples at each site from all data for the period of record.
Analysis of the instantaneous load data on the main stem of the Fraser River showed similar results to the concentration data: the majority of the inputs of nutrients in the streamwater was between sites 3 and 4 ( fig. 3) . The reduction of nitrite plus nitrate and orthophosphorus loads downstream from site 4 indicated that physical, chemical, or biological processes that remove nutrients from the streamwater were greater than input sources. The continual increase in total phosphorus load may be a result of increased sediment loads in the river, which are commonly high in insoluble phosphorus. Data collected for chloride show that about one-third of the total load of chloride in the entire Fraser River is present by the time the water reaches site 1. The gradual increase in loads may be an indication of ground-water discharge to the stream, inputs from the wastewater-treatment plants, and inputs from tributaries.
In order to assess the monthly loading of nutrients and chloride in the Fraser River, median instantaneous loads for all monthly data from site 4 are shown in figure 4. This site is used because monthly samples are available for the entire period of study, and the site is located downstream from the wastewater-treatment plants. Monthly median stream discharge is included in figure 4 to show the relation between loads and streamflow conditions. Peak nutrient loads began in early spring before the onset of spring runoff, and loadings to the Fraser River were largest between January and May. The large loads in the Fraser River between January and May most likely resulted from the increased seasonal population and associated inputs to the wastewater-treatment plants during the ski season. With the onset of high flow at the end of the ski season, loads decreased significantly. Chloride loading, however, seems to more closely reflect streamflow conditions. This scenario supports the concept that the source of chloride in the river is a combination of a nonpoint source, possibly from the salt and gravel applications on the roadways in the basin and discharges from the wastewatertreatment plants. The reduction in loads during early spring runoff is an indication that either most of the road salts are removed during initial runoff or runoff from near the highway is reduced.
Temporal Trends
The seasonal Kendall test (Helsel and Hirsh, 1992 ) was used to test for trends in water quality (table 4). Trend analysis was completed on sites 1-4 on the main stem of the Fraser River. These sites had at least 5 years of monthly data. Trend analysis was performed on ammonia, nitrite plus nitrate, and orthophosphorus because these constituents are directly related to biological responses in the river. The null hypothesis for trend testing in this report is no change in concentration over time when compared seasonally. The null hypothesis is rejected, indicating that there is a trend, if the p-value (or probability value) of the test is less than the alpha level, which for this report is set at 0.05. This alpha level (or acceptable error) requirement means that there is a 5-percent chance that a trend is mistakenly identified and the null hypothesis is true (Helsel and Hirsch, 1992) . Trend analysis was done on the raw, or unadjusted, concentrations to assess trends in ambient stream conditions, which is desirable in relation to human or aquatic organism water use. Where applicable, a LOcally WEighted Scatterplot Smoothing (LOWESS) procedure (Cleveland, 1979) was used to flow-adjust concentrations before trend analysis. This procedure will account for variability of chemical concentrations due to streamflow (flow) and provide greater insight about the sources of nutrients to the Fraser River. The LOWESS smoothing procedure and recalculation of trends were performed only on data sets that contained less than 10 percent censored (less than the laboratory minimum reporting level) concentrations. If a trend was calculated on the flow-adjusted concentrations, the trend slope (the magnitude of the trend expressed in units per year) was listed only to indicate relative magnitude because the trend analyses for these sites were computed on flow-adjusted concentrations and not the raw concentrations. Where some of the concentrations were censored (below the laboratory reporting level), trend analyses on the raw data were performed twice at each site, once with the censored data set at the minimum reporting level and again with the censored data set to zero. In all cases, the two trend slopes were almost identical, indicating little sensitivity to the trend analysis because of the censored data.
Trend analyses for ammonia at sites 1 and 2 were not done because of the large number (greater than 20 percent) of censored concentrations. Only site 3 had a statistically significant trend for ammonia and showed a downward trend in concentration for 1991-2000.
Nitrite plus nitrate trend analysis revealed two sites (sites 1 and 4) with upward trends, although not over the same time period, and one site (site 2) with a downward trend. The upward trends at site 1 on both the raw and flow-adjusted data are likely due to an increase in nitrite plus nitrate sources in the upper reaches of the Fraser River. Because the period of record for site 1 is different from the other three sites, a direct relation in the trend for site 1 cannot be made with the other three sites. The trend analysis at site 2 resulted in a downward trend on the raw data and no trend on the flow-adjusted data. Site 2 results indicate that the inputs of nitrite plus nitrate to the Fraser River above site 2 are not changing, but some other factor, such as streamflow, chemistry, or biological uptake, is causing the concentrations to decrease. The trend results from site 4 show the opposite conditions. Although there is an upward trend for the flow-adjusted data, indicating a possible increase in the input of nitrite plus nitrate to the stream, the raw concentrations remain stable. Trend analysis on streamflow measurements at site 4 indicate an upward trend, and this relation may be caused by site 4 being located downstream from the three wastewater-treatment plants.
Trend analysis was not done for orthophosphorus at sites 1 and 2 because of the large number (greater that 20 percent) of censored concentrations. Results for the trend analyses at sites 3 and 4 indicate upward trends in the orthophosphorus concentrations at both sites. The lack of a trend for the flow-adjusted orthophosphorus concentrations at site 4 indicates that the upward trends may be caused by streamflow conditions and not increases in orthophosphorus inputs to the river. 
Summary
In general, the water in the Fraser River Basin is of good quality and compares favorably with State standards. A few pH values were greater than State standards, and even in these instances, the river was not out of compliance because of the limited number of exceedances. Un-ionized ammonia, nitrite plus nitrate, and chloride concentrations did not exceed any applicable State standard. Concentrations and loads of nutrients increased downstream; the largest inputs into the river were between Fraser River below Vasquez Creek at Winter Park (site 3) and Fraser River at Tabernash (site 4). Wastewatertreatment-plant discharges enter the Fraser River upstream from site 4. Median monthly loading data for nutrients and chloride indicate that the largest nutrient and chloride loading happens during early spring before the onset of spring runoff.
Seasonal Kendall trend results indicate downward trends for ammonia concentration at Fraser River below Vasquez Creek at Winter Park (site 3) during the period of this study. Nitrite plus nitrate concentrations had upward trends at Fraser River at Tabernash (site 4) for the available data during 1995 through 2000. Results from the trend testing on nitrite plus nitrate concentrations during 1991 through 2000 at Fraser River below Buck Creek (site 2) had a downward trend and Fraser River at Tabernash (site 4) had an upward trend. Concentrations of orthophosphorus showed consistently upward trends at both the Fraser River below Vasquez Creek at Winter Park and Fraser River at Tabernash sites.
